The aim of this paper is to obtain the approximate solution of singularly perturbed ill-posed and sixth-order Boussinesq equation by hybrid method (differential transform and finite difference method) as a different alternative method. Differential transform method is applied for −time variable and the finite difference method (central difference approach) is applied for −position variable. Two examples are presented to demonstrate the efficiency and reliability of the hybrid method. Numerical results are given and compared with exact solution and in literature RDTM solution. The numerical data show that hybrid method is a powerful, quite efficient and is practically well suited for solving nonlinear singular perturbed Boussinesq equations.
Giriş
Boussinesq equation was modeled by Boussinesq in 1872 [1] . Singularly perturbed Boussinesq equation as a dispersive regularization of the ill-posed classical Boussinesq equation for = 0 was introduced by Darapi and Hua [2] . The Boussinesq equation is a classical nonlinear equation, which describes the wave phenomenon of physics, and has been widely studied in many fields of physics [3] . There are many documents about these equations such as Z. Feng [4] studied the generalized Boussinesq equation including the singularly perturbed Boussinesq equation, C. Song, H. Li, and J. Li [5] investigated the initial boundary value problem for the singularly perturbed Boussinesq-type equation. Other studies on singularly perturbed Boussinesq equation can be seen in references [2, 3, 5, 6, [10] [11] [12] . Recently, some powerful and efficient techniques for solving singular perturbed boussinesq equation have used by many mathematicians and physical scientists such as reduced differential transform method [6] , homotopy perturbation method [7] and so on. Hybrid method is also preferred in the solution of many linear and nonlinear problems (see, for instance, [7, 12, [17] [18] [19] [20] [21] [22] [23] ).
In this study, the following ill-posed for = 0 in Eq. (1) and sixth-order singularly perturbed Boussinesq equation for = 1 2 in Eq. (2) is examined for the first time by hybrid method: = + 2 + (1) and
The procedure of the method includes the use of differential transform method based on the −time variable in the ill-posed and sixth order Boussinesq equation and then the central difference method based on the −position variable and iteration equation is obtained. Then, ( , ) terms for = 0,1,2,3, … are obtained. If these terms are written in Equation (4), a series solution or a solution based on mesh points is obtained. Finally, the solution is compared to the exact and RDTM solution [6] . So the effectiveness and applicability of the hybrid method is shown.
This study is organized as follows: Ill-posed and sixth order Boussinesq equation are analyzed by hybrid method (differential transform and finite difference methods). The properties of the ill-posed and sixth order Boussinesq equation are given in the introduction. Hybrid method is defined. The hybrid method is applied to two examples. In the series solution, obtained with the above-mentioned application, the exact and approximate solution values are presented with graphs and tables for some values of and . Then, these solutions are compared with in the literature [6] .
The differential transform method was initially used by Zhou for the solution of linear and nonlinear problems in electrical circuit analysis [26] . Based on the definition and properties of the differential transform method, solution of ( , ) for the differential transform function ( , ) = ( , ) that corresponds to the two-variable ( , ) function, where = ℎ, h is the finite difference step interval and = 0,1,2,3, …, based on −time variable is described as follows [8, 9] :
(3)
The differential transform of ( , ) based on − time variable is defined as follows [8, 9] :
The inverse of the ( , ) differential function based on t is defined as follows [8, 9] :
Using the above-mentioned equations and certain mathematical operations, some features of the differential transform method [8, 9, 18, 25, 28] are presented in Table 1 . These properties will be used to solve the ill-posed and sixth order Boussinesq equation. Table 1 . Some properties of differential transform based on and variable 
Application of the Hybrid Method
In this section, we present two examples to show the effectiveness of hybrid method. The results are compared with [6] and shown in Table 1 and Table 2 . The algorithms are computed by computer program.
Example 2. 1
We consider the following singularly perturbed sixth-order Boussinesq equation [6] for = 1 2 , where, ∈ (0,1) is a very small perturbation parameter: 
and exact solution are given by
By hybrid method, the solution procedure is given as follows:
Firstly, differential transforms of terms dependent on − time variable in the sixth-order singularly perturbed Boussinesq equation (6)- (7) are found by using the differential transform method. Secondly, the central differences of derivative terms dependent on the −position variable are found. The −position variable is replaced with mesh points in the equation (6)- (7) . Finally, we obtain the recurrence relation. ].
In this recurrence relation given above, ( , 2), ( , 3), ( , 4), … differential transform coefficients are found for = 0,1,2,3, … values with 10 iterations. When these differential transform coefficients are written in Equation (3) Approximate solutions on mesh points for = 0.01 are obtained and presented in Table 2 . When the results are compared to RDTM [6] , as seen from Table 2 , the difference between the results is quite low. Figure 1 shows hybrid method, exact solution and comparison of them for different values of . 
where and are arbitrary constants. The exact solution of this problem is given as
The following differential transforms and the central differences are written by hybrid method in the 
where ( , 2), ( , 3), ( , 4), … differential transform coefficients are obtained for = 0,1,2,3, …. If these differential transform coefficients are written in the equation (3) for = ℎ, ℎ = 0.1 and = 0,1,2, …, we have the following solutions We only use 10 iterations to get a very good error. Then, approximate solutions on mesh points for = 0.01, = 1, = 1 are obtained. Numerical comparison between RDTM [6] and hybrid method are found in Table 3 which shows hybrid method is more promising. The plot of exact, hybrid solution and comparison of them are shown in Figure 2 . 
Conclusion
In this study, we applied hybrid method to construct approximate solution of singularly perturbed illposed and sixth-order Boussinesq equations. Present approximate solution converged to the exact solution of the singularly perturbed ill-posed and sixth-order Boussinesq equations and also compared with RDTM approximate solution of [6] . According to obtained results from examples, it was observed that the hybrid method was very convenient to apply and very useful for finding solutions of nonlinear problems. The main advantage of the hybrid method was to provide the user an analytical approximation to the solution, in many cases, an exact solution, in a rapidly convergent sequence with elegantly computed terms. We can definitely say that hybrid method should be preferred for solving other partial differential equations.
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